Abstract. common single-nucleotide polymorphisms (Snps) in micrornas (mirnas) have been shown to be associated with susceptibility to several types of human cancer. We evaluated the association between three Snps (rs11614913, rs2910164 and rs3746444) in pre-mirnas (mir-196a2, mir-146a and mir-499) and various clinicopathological characteristics, including cpG island hypermethylation (cihm) status and overall survival in gastric cancer (Gc) patients. rs11614913 (t>c), rs2910164 (c>G) and rs3746444 (a>G) Snps were genotyped in 127 Gc patients. cihm of p14, p16, dap-kinase and cdh1 genes was determined by methylation-specific polymerase chain reaction in the cancer tissues. A significant marginal association was found between the rs11614913 cc genotype and polypoid or elevated type morphology in early-stage Gc (Or=6.29, p=0.03). the rs2910164 cc and cG genotypes were associated with increased susceptibility to cihm of dap-kinase (cc+cG, Or=5.48, 95% ci 1. p=0.02; cc, Or=6.93, p=0.02; cG, Or=4.24, p=0.07). the 11614913 tt and tc genotypes were associated with a higher number of cihm (no. of cihm 0-1 vs. 2-4; tt+tc, Or=3.67, 95% ci 0.98-13.72, p=0.05; tc, Or=4.08, 95% ci 1.04-15.97, p=0.04). When the subjects were divided according to age group, the combined rs11614913 tt+tc genotype tended to be associated with worse overall survival than the cc genotype in patients younger than 65 years of age (p=0.05). the combined rs2910164 cG+GG genotype also tended to be associated with worse overall survival than the cc genotype in the same age group (p=0.09). it appears that rs11614913 and rs2910164 Snps in pre-mirnas (mir-196a2 and mir-146a) affect the clinicopathological characteristics of Gc, including its morphological appearance, cihm status and overall survival.
Introduction
Gastric cancer (Gc) is one of the most common and lethal malignancies in Japanese and East asian populations, and the second most common cause of cancer-related death in the world (1, 2) . although the incidence and mortality rate of Gc located outside the cardia have been decreasing over the last few decades, a considerable percentage of patients still have advanced disease at diagnosis, and some of these patients are not candidates for curative surgery. Each Gc tumor often has a different biological behavior, which leads them to have differing clinical phenotypes, prognosis and response to treatment. these differences may be partly explained by certain host genetic differences. micrornas (mirnas) are 21-to 24-nucleotide-long small noncoding rna gene products that regulate gene expression by base pairing with target mrnas at the 3'-untranslated region, leading to mrna cleavage or translational repression (3) (4) (5) . it has been suggested that mirnas are involved in various biological processes, including cell proliferation, cell death, stress resistance and fat metabolism (6) . Several reports have shown that mirnas participate in human tumorigenesis as tumor suppressors or oncogenes (7) (8) (9) . For example, mir-143 and mir-145, targeting ErK4, are down-regulated in Gc (10) , whereas mirna-106b, mir-93 and mir-25, clustering at mcm7 intron, were reported to be overexpressed in Gc (11) .
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Single-nucleotide polymorphisms (Snps), or mutations in the mirna sequence, may alter mirna expression and/ or maturation. recently, hu et al performed a screening for common SNPs in miRNA sequences and identified four SNPs (rs2910164, rs2292832, rs11614913 and rs3746444) located at the pre-mirna regions of mir-146a, mir-149, mir-196a2 and mir-499, respectively (12) . among the above four Snps, the rs11614913 Snp in mir-196a2 was found to be associated with shortened survival time of non-small cell lung cancer patients through the altered expression of mature mir-196a and the binding activity of target mrna (12) . consequently, the rs11614913 Snp in mir-196a2 contributed to lung cancer susceptibility (13) . in carcinomas in other organs, the rs2910164 Snp within mir-146a was associated with papillary thyroid (14) and hepatocellular carcinomas (15) . moreover, the rs11614913 Snp in mir-196a2 and the rs3746444 Snp in mir-499 were both associated with the risk of breast cancer (16) . in the case of stomach cancer, a preliminary association was initially reported for rs11614913 in mirna-146a in a chinese population (17) .
Since Snps in mirnas are closely associated with Gc susceptibility, it is necessary to clarify whether these Snps are also associated with the clinical characteristics of Gc. accordingly, this study was designed to evaluate the possible association between three common Snps (rs11614913, rs2910164 and rs3746444) in pre-mirnas (mir-196a2, mir-146a and mir-499) that had previously been shown to contribute to human cancer susceptibility (13) (14) (15) (16) (17) , and various clinicopathological characteristics of Gc.
We also investigated the association between these Snps and the cpG island hypermethylation (cihm) status in tumor suppressor genes, which constitutes a distinct tumor subtype in Gc (18, 19) . Furthermore, we investigated the association between these Snps and overall survival in Gc patients.
Materials and methods
Patients, tissue samples, DNA extraction and Helicobactor pylori infection status. the studied population comprised 127 patients with Gc being treated at the Endoscopy center of Fujita health university hospital. the Gcs were histologically diagnosed and classified according to Lauren's classification (20) . detailed information was obtained concerning lymph node, peritoneal, liver and distant metastases. data on venous and lymphatic invasion were also obtained in 98 resected cases. Based on this information, early-stage GC was defined as Gc localized within the mucosa or submucosa, irrespective of lymph node metastasis (21) , and all other cases were defined as advanced-stage Gc. according to its morphological appearance in an endoscopic image or surgically resected specimen, early Gc was divided into two groups: polypoid or elevated type, and depressed type. Advanced GC was also classified according to Borrmann's classification. H. pylori infection status was assessed by serologic or histological analysis, or by the urea breath test. patients were diagnosed as infected when at least one of the diagnostic tests was positive. all patients underwent an upper endoscopy with a biopsy from both the cancer lesion and the non-pathological mucosa, and the biopsy specimens were immediately frozen and stored at -80˚C. Genomic DNA was isolated from the frozen specimens using proteinase K. patients with severe systemic diseases were not included in the study. the experimental protocol was approved by the Ethics committee of the Fujita health university School of medicine, and written informed consent was obtained from all participating subjects.
Genotyping. using genomic dna extracted from nonpathological mucosa, the rs11614913 (c>t), rs2910164 (G>c) and rs3746444 (a>G) Snps were determined by polymerase chain reaction (pcr)-based restriction fragment length polymorphism (rFlp) assays, as described by hu et al (12) . Genotypes were determined by evaluation of the gel images by two independent investigators, who were blinded to the names and phenotype of the patients.
Bisulfite modification and methylation-specific PCR (MSP).
to detect cihm, four candidate promoter cpG islands were selected, whose cihm has been reported in Gc (22) (23) (24) (25) (26) (27) : p14, p16, dap-kinase and cdh1. For the examination of dna methylation, genomic dna from the cancer lesion was treated with sodium bisulfite using the BislFast DNA Modification kit for methylated DNA detection (Toyobo Co., ltd., Osaka, Japan). cihm status of four candidate promoter cpG islands was examined by mSp, as described previously (28) . the primer pairs and experimental conditions for mSp were the same as those in our recent studies (18, 19) . cihm was defined as the presence of a positive methylation band, separated by electrophoresis in 2.5% agarose gels under uV illumination using ethidium bromide staining, showing signals approximately equivalent to or greater than that of the size marker (10 ng/µl: 100 bp dna ladder; takara bio inc., Shiga, Japan), irrespective of the presence of unmethylated bands. Samples giving faint positive signals were analyzed a further two times, and only those samples with a consistent positive methylation band were considered to be cihm. In addition, we measured the fluorescence intensities of methylated bands in 50 randomly selected chim samples using a digital densitometer (lane analyzer; attO, tokyo, Japan) and confirmed that the fluorescence intensities of all 50 methylated bands were approximately equivalent to or greater than the size marker (data not shown).
Statistical analysis. Genotype frequencies were calculated by direct counting. differences in genotype frequencies among different clinicopathological subtypes were determined by the χ 2 test. The odds ratios (ORs) and 95% confidence intervals (ci) were calculated by logistic regression analysis, with adjustment for age and gender. Survival among the different genotypes was assessed using the Kaplan-meier method and compared using the log-rank test. a probability value of <0.05 was considered statistically significant in all analyses. node, peritoneal, liver and distant metastasis, were not associated with any of the three Snps in the mirnas.
Results
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We assessed the association between the three Snps in the mirnas and the cihm status of Gc, which has been reported to be involved in the biological characteristics of Gc (18, 19 for resectable cases and the date of initial chemotherapy for unresectable cases, was characterized using the Kaplanmeier method and was compared using the log-rank test for different genotypes of the three Snps in mirnas. the median follow-up period of the 125 patients was 30 months. Of the 21 unresectable patients, tS-1-based chemotherapy was performed in 18 cases and chemotherapy of other regimens was performed in the remaining three patients. no association was found between three Snps and overall survival in any of the 125 subjects (Fig. 1a-c) . When subjects were divided according to age group, the combined rs11614913 tt+tc genotype tended to be associated with worse overall survival than the cc genotype among patients younger than 65 years of age (p=0.05, Fig. 1d) . also, the combined rs2910164 cG+GG genotype tended to be associated with worse overall survival than the cc genotype in the same age group (p=0.09, Fig. 1E ). On the other hand, no such association was found for the rs3746444 genotype (data not shown).
Discussion
although a number of studies have evaluated the association between Snps in protein-coding genes and susceptibility to Gc and its prognosis or response to treatment, association studies regarding Snps in mirna genes are relatively rare. however, it is increasingly recognized that Snps in mirnas may have important phenotypic consequences in human diseases. here, we evaluated the effect of three selected Snps (rs11614913, rs2910164 and rs3746444) in pre-mirnas (mir-196a2, mir-146a and mir-499), which were shown to contribute to human cancer susceptibility in recent association studies (12) (13) (14) (15) (16) (17) on various subtypes of Gc, including cihm status and overall survival. in various clinicopathological subtypes, a significant association between the rs11614913 CC genotype and polypoid or elevated type morphology in earlystage Gc was found. the morphological appearance of both early and advanced Gc has been reported to be closely related to its histological subtypes, prognosis and survival, and these differences have also been characterized by several genetic and epigenetic alterations (19) . although no association was found between the rs11614913 cc genotype and other clinicopathological subtypes, which provide more distinct biological characteristics of Gc such as lymphatic and venous invasion or metastasis, our data provide initial evidence that the rs11614913 cc genotype in mir-196a2 may contribute to the characterization of certain phenotypes of Gc. polypoid or elevated type morphology in early-stage Gc usually shows well-differentiated histopathology (29) and is unlikely to present lymph node metastasis in small size, compared to depressed type (30). in this context, the rs11614913 cc genotype may be associated with a rather mild phenotype of Gc.
We also investigated whether the three Snps (rs11614913, rs2910164 and rs3746444) are associated with the cihm status of Gc. We found that the rs2910164 cc and cG genotypes were associated with increased susceptibility to cihm of dap-kinase. in addition, the 11614913 tt and tc genotypes were associated with a higher number of cihm.
cihm is now accepted as an important mechanism in gene silencing, and cihm of tumor suppressor genes is also highly involved in gastric carcinogenesis; cihm of p14, p16, cdh1 and dap-kinase genes assessed in this study frequently occur in Gc tissue, as well as in pre-malignant lesions (3) (4) (5) (6) (7) (8) . therefore, they are thought to be susceptible candidate genes for cihm in Gc. Furthermore, it has been suggested that this epigenetic change may also constitute a certain distinct biological behavior of Gc.
cihm of dap-kinase and a higher number of cihm have been associated with worse survival of Gc patients (19) . these epigenetic alterations have also been correlated with the morphological appearance of Gc (18) . moreover, a higher number of cihm in neoplastic gastric mucosa has been closely associated with the severity of H. pylori-related gastritis (31) and Gc occurrence (32) , suggesting that rs2910164 and 11614913 Snps may be an important influencing factor for CIHM-related gastric carcinogenesis.
We also demonstrated that combined rs11614913 tt+tc genotypes were weakly associated with worse overall survival Snps in all the subjects (n=125), and for the (d) rs11614913 and (E) rs2910164 Snps in subjects younger than 65 years of age. all statistical analyses were performed using the log-rank test.
than the cc genotype in patients younger than 65 years of age. a similar trend was also found for the combined rs2910164 cG+GG genotype for patients in the same age group, suggesting that these genotypes may be predictors of worse prognosis of Gc, particularly for younger patients. due to its variable biological behavior, Gc often presents various clinical phenotypes, prognosis and response to treatment. therefore, in order to focus on disease heterogeneity, it is necessary for the physician to more appropriately conduct a clinical evaluation for each patient. Our preliminary results showed that more longitudinal studies are required to investigate the clinical usefulness of Snps in mirnas as a molecular biomarker for the prediction of prognosis in Gc patients. in conclusion, we demonstrated that the rs11614913 and rs2910164 Snps in pre-mirnas (mir-196a2 and mir-146a) may have an effect on the clinicopathological characteristics of Gc, including its morphological appearance, cihm status and overall survival. however, it should be noted that our associations were found in a subgroup stratification analysis of a small sample; thus, the statistical power was not sufficient. in addition, the association of cihm with subtypes of Gc was found to vary in other studies, according to the different cpG islands assessed, even in the same genes (33, 34) . moreover, our study is best viewed as hypothesis-generating rather than hypothesis-testing, as both the underlying in vitro and in vivo mechanisms of the three mirnas in carcinogenesis of the stomach are largely unknown. Further characterization of mirna Snps, mirnas, target mrnas and their compensational or redundancy role in GC are required to confirm our results.
